Conversion of butyrate to isobutyrate was observed in lake sediment samples if butyrate degradation was inhibited by added hydrogen (7). 13C-nuclear magnetic resonance ( 3C-NMR) studies in cultures enriched with isobutyrate from methanogenic digester sludge demonstrated that rearrangement of the carbon skeleton could be characterized as migration of the butyrate carboxyl group from C-2 to C-3 to form isobutyrate (14). Isobutyrate degradation proceeds via two different pathways under anaerobic conditions. With sulfate as the terminal electron acceptor, isobutyrate was degraded by 3-oxidation and was further metabolized via methylmalonyl-coenzyme A (methylmalonyl-CoA) and the CO dehydrogenase pathway (12). Methanogenic degradation of isobutyrate was shown in nondefined microbial communities involving intermediate formation of butyrate and further oxidation of butyrate to acetate and methane (12).
Isomerization of butyrate and isobutyrate was investigated with the recently isolated strictly anaerobic bacterium strain WoG13 which ferments glutarate to butyrate, isobutyrate, C02, and small amounts of acetate. Dense cell suspensions converted butyrate to isobutyrate and isobutyrate to butyrate. "3C-nuclear magnetic resonance experiments proved that this isomerization was accomplished by migration of the carboxyl group to the adjacent carbon atom. In cell extracts, both butyrate and isobutyrate were activated to their coenzyme A (CoA) esters by acyl-CoA:acetate CoA-transferases. The reciprocal rearrangement of butyryl-CoA and isobutyryl-CoA was catalyzed by a butyryl-CoA:isobutyryl-CoA mutase which depended strictly on the presence of coenzyme B12. Isobutyrate was completely degraded via butyrate to acetate and methane by a defined triculture of strain WoG13, Syntrophomonas wolfei, and Methanospirillum hungatei.
A strictly anaerobic bacterium, strain WoG13, growing with dicarboxylic acid glutarate as the energy source was recently isolated from anoxic sediment samples (8) . Strain WoG13 fermented glutarate to CO2 plus a mixture of butyrate and isobutyrate at a ratio of nearly 1:1. In addition, small amounts of acetate were formed. This butyrate isomerization reaction is of major interest in anaerobic metabolism.
Conversion of butyrate to isobutyrate was observed in lake sediment samples if butyrate degradation was inhibited by added hydrogen (7) . 13C-nuclear magnetic resonance ( 3C-NMR) studies in cultures enriched with isobutyrate from methanogenic digester sludge demonstrated that rearrangement of the carbon skeleton could be characterized as migration of the butyrate carboxyl group from C-2 to C-3 to form isobutyrate (14) . Isobutyrate degradation proceeds via two different pathways under anaerobic conditions. With sulfate as the terminal electron acceptor, isobutyrate was degraded by 3-oxidation and was further metabolized via methylmalonyl-coenzyme A (methylmalonyl-CoA) and the CO dehydrogenase pathway (12) . Methanogenic degradation of isobutyrate was shown in nondefined microbial communities involving intermediate formation of butyrate and further oxidation of butyrate to acetate and methane (12) .
In the aerobic bacterium Streptomyces cinnamonensis, interconversion of isobutyrate to butyrate is a key reaction in the biosynthesis of the polyether antibiotic monensin-A (5, 10, 11) . In this bacterium, a coenzyme B12-dependent isobutyryl-CoA:butyryl-CoA mutase catalyzes the isomerization (3) .
In the present study, reciprocal isomerization of butyrate and isobutyrate is described for the first time in a pure culture of a strictly anaerobic bacterium. The enzymes involved in isomerization are characterized in cell extracts.
In addition, complete isobutyrate degradation to acetate and methane by a defined triculture is shown.
MATERIALS AND METHODS
Sources of organisms. Strain WoG13 was isolated in pure culture from anoxic mud of a polluted ditch near Konstanz, Germany (8) . Syntrophomonas wolfei in coculture with Methanospinillum hungatei (DSM 2245B) was obtained from the Deutsche Sammlung von Mikroorganismen GmbH (Braunschweig, Germany).
Medium and growth conditions. All bacteria used were cultivated in a carbonate-buffered (30 mM), sulfide-reduced (1 mM) freshwater mineral salts medium (a modification of that described in reference 17). The medium contained 1 ml of trace element solution SL 10 per liter, 1 ml of selenitetungstate solution (16) per liter, and a seven-vitamin solution (17) . For strain WoG13, the medium was supplemented with 2% (vol/vol) rumen fluid (8) Experiments with resting cell suspensions. Isomerization was investigated in 5-or 8-ml vials filled with cell suspensions (OD450 = 5 to 10), gassed with N2, and sealed with butyl rubber stoppers. The reaction was started by injecting either sodium butyrate or sodium isobutyrate to a concentration of 10 mM. Samples taken by syringes were immediately centrifuged and frozen at -20°C. The samples were analyzed by gas chromatography (see below).
Triculture experiments were carried out in 25-ml serum bottles which were filled with 2-ml cell suspensions prepared with freshwater medium and gassed with 90% N2-10% CO2. (ii) Acyl-CoA:acetate CoA-transferase assay. Acyl-CoA: acetate CoA-transferase activities were determined photometrically in a spectrophotometer (model 100-40; Hitachi, Tokyo, Japan) under anoxic conditions. The coupled assay (6) (Fig. 1) . Carbon recoveries were 97% (Fig. la) and 95% (Fig. lb) .
Experiments with cell extracts. Cell extracts of strain WoG13 catalyzed the isomerization of butyryl-CoA to isobutyryl-CoA or vice versa (Fig. 2) (Fig. 3) . In a control experiment with no cells added, no indications of [2-13C] isobutyrate formation could be detected. Isobutyrate degradation by a defined triculture. In dense cell suspensions composed of strain WoG13 (0.54 mg of protein per ml) and the coculture S. wolfei-M. hungatei (1.02 mg of protein per ml), isobutyrate was degraded completely to acetate and methane (Fig. 4) (2) . These enzyme activities typically depend on coenzyme B12, and this is also the case with the butyrylCoA:isobutyryl-CoA mutase of our strain WoG13. The same was true for the mutase of S. cinnamonensis (3) . With respect to coenzyme B12 dependence and the rearrangement pattern (see above), the two enzyme reactions appear to be similar. In contrast, the mutase of strain WoG13 appears to be involved in catabolism whereas the S. cinnamonensis enzyme catalyzes a step in secondary metabolism, i.e., biosynthesis of the antibiotic monensin-A.
